The purpose of this study is to develop a method for estimating future rail traffic that The purpose of this study was to develop a considers the relationship between the strucprocedure for estimating future rail traffic that tre o st s economy nd rail freight traffic. considers the relationship between the strucThis studyconcerns thempact of a states econThis study concerns the impact of a state's econture of a state's economy and rail freight traffic.
In the last decade, the financial difficulties of Georgia (Schaffer et al.) and a 20-sector of railroads have caused federal and state govinput-output model of Michigan (Jordan and ernments to become increasingly involved in Thompson) were combined with the Interstate issues associated with rail traffic flows. Federal Commerce Commission's (ICC) one-percent rail funds to states have declined since 1980, sample of waybills. The one percent sample for forcing rail planners to define an essential core Georgia and Michigan was expanded using the of rail service and to determine which rail lines Interstate Commerce Commission's expansion will receive declining financial support. Since factor for each sector, approximating the total the cost of transporting agricultural commodrailroad system. 1 ities depends in part on the availability of rail Rail planners and decisionmakers generally service, rural areas are affected by the decision derive future rail traffic volumes by soliciting to either subsidize or abandon a rail branch rail users' opinions regarding their anticipated line. In order to address these issues, rail planrail use. Since abandonment would produce ners require a method to forecast rail freight dislocations in their transportation activities, traffic.
users often overestimate future demand. These Jeffrey L. Jordan is an Assistant Professor at the University of Georgia and Stanley R. Thompson is an Associate Professor at Michigan State University.
1 Waybills are shipping documents prepared by the originating railroad from the shipper's instruction as to the disposition of freight, and are used by the railroads as authority to move shipments and as the basis for determining and settling the freight charges among the carriers involved. The waybill in the sample used are for carloads terminated by line-haul or regular rail-haul, as distinguished from a switching move or switching company. As used here, a regular haul is between terminals and stations on the main or branch lines of the railroad, exclusive of switching moves.
For the 1-percent sample, waybills are selected by the terminating carrier on the basis of the waybill number assigned by the originating carriers (this number is for the purpose of control and identification). The waybills selected are those numbered 1 or those which have numbers ending in 01. The selection criterion is designed to capture one percent of the audited waybills.
In order to estimate population statistics, the waybill sample is expanded. Until 1979, common practice was to multiply the waybill sample by 100 to estimate the entire population. However, because of the sampling procedures used, all commodities are not evenly sampled; multiplying everything by 100 does not provide an adequate population estimate. Consequently, the Federal Railroad Administration has devised expansion factors with which individual commodities or classes of commodities can be multiplied to estimate a 100 percent sample.
Weaknesses certainly exist with the use of waybill statistics. The often wide standard deviations around a sector mean indicate the data can be used only as estimates. However, waybill statistics are one of the few sources available and their use is widespread by rail planners. type of ad hoc procedures need to be replaced Massachusetts Institute of Technology research by improved traffic projection methods. 2 is to explain the individual shippers' decision Rail demand estimates for agricultural comon commodity k as the probability of jointly modities are often derived from regional surplus selecting the frequency (f), mode (m), size or deficit commodity forecasts (Lazarus et al.) , (q), and location (i) of purchases, given user from the use of operation research methods location (j) and usage rate (u) required by the (Koo et al.) and various econometric forecasting final demand for a good and the input requiremodels (Johnson; Miklius et al.; Oum) . While ments of the production process: each of these forecast methods has distinct advantages and disadvantages, they can be conpk(f,m,q,i I u,). sidered partial since interindustry relationships Input-output models estimate usage rates of are not explicitly modelled. Most econometric commodities by industry. Commodity waybill modal choice models consider factors such as data depict the movement of commodities by freight charges, transit times, reliability of the origin and destination. Since the demand for shipper (damage rates or variance of transit transportation is derived from final product detime), and buyer or seller characteristics in mand, it is dependent on the level of economic predicting probability functions. These methactivity. Thus, the estimated level of economic ods are particularly well-suited to estimating activity can be used to explain the demand for the transportation demand of specific (or a limfreight transportation. 4 ited number of) commodities. However, they rarely include an estimation of total economic output as with input-output models.
3 Interindustry relationships are explicitly considered
The model and generalized procedure of forein the input-output procedure.
casting rail traffic can be represented matheStudies at the Regional Science Research Inmatically as follows: stitute (RSRI) (Stevens et al., 1979 and have used input-output models to estimate the (1) Xt = (I-A)-Yt impact of new transportation facilities. The RSRI work concentrates on the use of input-output (A) multipliers, particularly the income and em-(3) (xt+ -xt)/x 1 = k ployment multipliers. This differs from the approach taken in this study where only the output (4) (1 + k) wit = t+ multipliers are used.
where: The approach to transportation demand employed by researchers at the Massachusetts InXt = total output vector of economy in stitute of Technology (Chung and Roberts; year t; Roberts, 1977a; Roberts, 1977b; Terziev) be-Y = final demand vector facing economy gins by stating that the flow of cargo in a given in year t; market is simply the sum of individual shippers' (I-A) -= matrix of interdependency coeffidecisions. These decisions are, in turn, condicients, the Leontief inverse matrix; tioned by the specific inputs and outputs of Y = unspecified future time period; each of the production processes involved. This i = proportionate change in total outdisaggregate approach was used to estimate the put of industry j between year t and output levels of firms while input-output analyselected years in the future; sis was used to estimate the inputs required to wit = estimated total waybill based on a produce the given output. These input-output one percent sample of industry j, coefficients represent the inputs purchased from year t; a particular industry i to produce one dollar of rt+-= predicted freight traffic flows of inoutput in industry j. When multiplied by the dustry j for time t+y output of industry j, this coefficient gives the A = matrix of technical coefficients alj's dollar value of purchased inputs from industry where alj = xij/xj; i and, hence, the amount of goods that require x 1 j = value of sales from industry i to transportation services. The objective of the industry j;
2 Not all states rely on ad hoc procedures. In Washington and California, preliminary work used input-output models to aid in rail traffic forecasting. In both cases, the use of the input-output model to aid in rail traffic forecasting is more limited than the procedure discussed here (Transportation Research Board).
3
Econometric models that predict industry output for each sector in an economy can be used in the same manner as input-output models. However, in using such simultaneous equation models, more data than simply final demands are required to forecast total output. total output of industry j and various issues of Government Finances. (Akioka; l o o Vernay; and U.S. Department of Commerce, Bu-I = identity matrix.
reau of the Census). Federal government spending includes the Equation (1) represents the solution to the inederal governmentdisbursements minus total federal government disbursements minus Eput-output problem. atsttlotui the disbursements of the following federal govEquation (2) estimates total outputs in t+ e ent enterprises post office farm income ernment enterprises: post office; farm income by multiplying the inverse matrix by a new final sta t r o and stabilization, rural housing and public facilities; demand vector (Yt+,). The proportionate change agricultural land and water resources maintein total output, kj, between t and t+y, for innance of housing and mortgage market; and dustry j is shown in Equation (3). The total veterans' benefits and services. These categories output changes are then used to forecast rail are included in the government enterprises secfreight traffic by multiplying them by the amount tor. Data were collected from state Statistical of traffic shown on the expanded waybill sample Abstract's (Akioka and Vernay). in year t, as is done in Equation (4) The basis for both projections was the ICC the operating expenditures of state and local expanded waybill sample. Consequently, for the government agencies except those included in purposes of this study, known (or current) final the government enterprise sector: liquor stores; demands are being used to estimate known (or water transport and terminals; parking facilities; current) rail activity, rather than truly foreurban renewal; airports; and transit. Data were casting the future. This procedure is aimed at obtained from state Statistical Abstract's and providing tests of the models capabilities based In order to examine the sensitivity of the projecting. Standard deviations for each sector models results to errors in forecasts of final in the waybill sample were calculated during demand, the 1979 Georgia projections were the previous 9-year period. Both sectors which made with the final demand for agriculture (the exhibited poor forecasting performance have largest sector) increased by 10 and 20 percent. standard deviations which are large relative to Table 3 shows the results in terms of the sector the other sectors, illustrating one of the probpercent differences produced by the change in lems in using waybill data. However, for the final demand. On a sector-by-sector basis, even machinery (except electrical) sector, the large a 20 percent error in final demand for agriculpercentage difference is due in part to the relture does not change the results to any great atively small magnitude of the sector.
degree. Only in the agricultural sector itself is The statewide comparison between the actual the percent difference between the actual and and estimated total traffic in Georgia is shown projected levels of rail traffic movement altered 6 The Georgia projection includes all traffic that flows on the state's rail lines. A similar procedure was used for just nonbridge rail traffic and is reported in Jordan. In that case, the model's projection was 0.19 percent over the 1979 actual flows.
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In the Michigan and Georgia cases, truck flow data were not available. However, truck/rail modal shares remained relatively constant during the study period. Thus, modal share was assumed constant and was not a factor in arriving at the test projections. In situations where modal shares change over time, a method to include modal split estimates in the inputoutput procedure is required. One such method would be to adjust the final demands used in the input-output model based on projections of intermodal substitution. If projections of intermodal substitution indicate that agricultural shippers will be switching 10 percent of their commodities to truck in the forecast year, the final demand for agricultural goods used in the input-output model would be decreased 10 percent. If no intermodal change is forecasted, the projected rail traffic is a function of economic activity. If intermodal substitution is occurring, projected rail traffic is then a function of economic activity, plus or minus the new amount of the commodities moving on another mode. By adjusting final demands, it is possible to include in this model an intermodal substitution component that is on a sector-by-sector basis and is also affected by the interindustry relationships that affect shipping. Further, technological change in transportation methods (such as piggyback rail movements) can be included in the model in a similar fashion. appreciably. Since the agricultural sector is the procedure does not project accurately. The largest in the Georgia model, the total percent standard hypothesis for testing whether the padifferences for both the 10 percent and 20 rameter estimate of the slope is equal to the percent errors are substantially higher than in point value of one was tested with the equation: the original projections.
(I -point estimate)/(standard error of P). This The input-output method was further evaluwas tested at the appropriate degrees of freedom ated using the Georgia data by regressing the for a = .05. The results indicate that the tprojected tonnages in each sector, and by year, value is greater than the tabular t-value and on the actual volumes for 1978-1981 projec- hence the null hypothesis that slope = 1 cannot tions. Since the variances of the 36 pooled be rejected.
8 observations for each sector were not equal, Theil's inequality coefficient was also used to weighted least squares (using standard deviameasure the accuracy of the predictions. The tions) was used to ensure that the disturbances modified Theil "U" statistic, the U 2 (Leuthold), were homoscedastic. Regressions were conwas employed to test whether the predictive ducted for all years pooled by year and by sector. capability of the model was better than a naive Differences between sector projections and beforecast of Pt = At-1. For the overall Georgia tween yearly projections were also tested using data for years 1978-1981, the U 2 statistic was analysis of variance.
.143, indicating the input-output model's foreIn the model P = a + PA, where: P = casts are better than can be obtained from a projected values and A = actual values, the naive model. joint null hypothesis a = P = o was tested. In Table 4 shows the parameter estimates for all cases, it was found that the constant term, each year were significantly different from zero, a, was not significantly different from zero. and the 95 percent confidence interval of the When, the model is reestimated with no interparameter estimates includes one in three of cept, it can be written: P = 3A, the null hythe four years. The goodness of fit (R 2 ) ranges pothesis being 3 = 0. If the null hypothesis is from .72 to .99. This test indicates the level of not rejected, that is, if f = 0, then the procedure accuracy of the procedure over the four prodoes not project accurately. If, however, the jection years. The Theil U 2 statistics for each null hypothesis is rejected, and P is approxiyear are all under 1, indicating the model foremately equal to one, the test would indicate casts better than a naive forecast. Of course, the procedure provides accurate projections.
when implementing this procedure, rail planFor all years, 1978-1981 , the results were:
ners will hopefully have a more recent inputoutput model than used here. However, given (5) P = 1.14 A R2 = .9996 a 1970 model, it appears the projection capa-(412.41) bilities may provide rail planners with reasonThe number in parentheses is the calculated able estimates. t-ratio. The standard error of the parameter es-
The same statistical tests were conducted for timate was .0028. The probability that P = 0 each sector in the model, over the four years is .0001. A further test was conducted on the of projections, using non-weighted least squares, hypothesis P = 1.0. If this is rejected, the Table 5 . For all sectors, except printing and adjustments resulting from relative commodity and output price adjustments, possible input publishing, the parameter estimates are signifsubstitution, and mixes of goods within sectors. icantly different from zero, and the 95 percent
The assumption of constant production coefficonfidence interval of each of the parameter cients in input-output analysis implies that there estimates includes one. The goodness of fit (R 2 ) is no technological change which alters factorfor each sector over the four years ranged from factor or factor-product relationships. Where a .95 to .99. The Theil U 2 statistics for each sector relatively stable economy exists, the constant were all under 1, indicating the model forecasts technology assumption is not a large problem. better than the naive forecast.
When an economy undergoes structural changes, Using a student's t test, the hypothesis tested the direct requirements table can be modified was H 0 : mean of the projected values by sector to account for such changes. Thus, the input-= the mean of the actual rail flows, Table 6 . output model can be converted from a "static" Assuming equal variance between the actual and to a "comparative static" model (Diamond and projected values within a sector, the hypothesis Chappelle). Input-output models can be concannot be rejected in all sectors. Given a 95 structed to be sensitive to price changes through percent confidence interval, the mean of the the use of quadratic programming (Harrington). Although the input-output forecasting pro- MEAN OF ACTUAL TONNAGE, GEORGIA, 1978 -1981 'OC TN , R 176Prob cedure has limitations, 0 the examples in this 
